By using the Born-Infeld action we show that the ring-like configurations, which are the circular bound states of m fundamental strings and n D-strings, could be prevented from collapsing by the magnetic force in the Melvin background. However, if the ratio m/n of the circular (m, n)-strings is larger then a critical value the ring will become unstable and collapse to zero radius. We make analyses to find the critical value and ring radius therein. We also show that m circular, fundamental strings and n D2-brane could become a tubular bound state which is prevented from collapsing by the magnetic force in the Melvin background, in contrast to the well known configuration of supertube which is supported by the angular momentum.
Introduction
The ten-dimensional Type IIB string theory exhibits SL(2, Z) symmetry and has two types of rank-two antisymmetric tensor potentials, one B (N S) M N from NS-NS sector and another B (RR) M N from Ramond-Ramond sector. The fundamental string (F-string) and D-string are electric sources that couple minimally to the two tensor potentials respectively. The SL (2, Z) symmetry predicts existence of infinite orbits of (m, n) strings carrying NS-NS charge m and RR charge n, with m and n relatively prime [1, 2, 3] . The (m, n) strings are BPS configurations which have a tension
(1.1)
Here, T ≡ 1/2πα ′ is the F-string tension and g IIB denotes Type IIB string coupling parameter. In their derivations [2, 3] the D-strings are wrapping around a compactified circle and F-strings are fusing inside the D-string worldsheet by converting itself into homogenous electric flux. As discussed in [4] , when the direct along the electric is compact then the open string can stretch around the circle and the two ends can join with a finite probability, since the open string coupling constant is finite. The radius of the circle in here is fixed and could not be determined by the system itself. On the other hand, the circular string in a flat space could be prevented from collapsing by the rotation [5, 6] . Thus the angular momentum of the rotating string determinates its radius.
In this paper we use the Born-Infeld action to find the ring-like configurations in the Kaluza-Klein Melvin magnetic tube spacetime. We will show that the magnetic force from the Melvin background [7, 8] could prevent circular (m, n)-strings from collapsing. However, if the ratio m/n is larger then a critical value then the ring will become unstable and collapse to zero radius. We present a simple analysis to find the critical number and ring radius.
We discuss the physical reasons of how the ring radius depends on the numbers of m and n. We also mention that circular (m, n)-strings do not exist in the homogeneous magnetic background [9] . Finally, we use the same analysis to show that m circular, fundamental strings and n D2-brane could become stable tubular bound state which is prevented from collapsing by the magnetic force in the Melvin background, in contrast to the well known configuration of supertube [10] [11] [12] which is supported by the angular momentum.
The Melvin metric [7] is a solution of Einstein-Maxwell theory, which describes a static spacetime with a cylindrically symmetric magnetic flux tube. It provides us with a curved space-time background in which the superstring theory can be solved exactly [8] . In the ten dimensions the Melvin metric is described by 1) where the parameter B is the magnetic field along the z-axis defined by
The Born-Infeld Lagrangian of circular (m, n)-strings, for unit tension, is written as 2) where g is the induced worldvolume 2-metric and F is the BI 2-form field strength. If we take the worldvolume coordinates to be (t, ϕ) with ϕ ∼ ϕ + 2π, then we may fix the worldvolume diffeomorphisms for a D-string of circular topology by the 'physical' gauge choice
For a static circular D-string of radius R the induced metric is
We will allow for a time-independent electric field E in the ϕ-direction, so the BI 2-form field strength is [2, 3] 
Under these conditions the Lagrangian becomes
The momentum conjugate to E takes the form
and conserved F-string charges is [10] 
The corresponding Hamiltonian density is
It can be seen that in the Minkowski vacuum spacetime B = 0 then for a fixed value of R the above relation becomes (1.1) after a suitable definition of Π.
In the case of B = 0, then for the fixed numbers of n and Π, which corresponding to the fixed numbers of D-string and F-string respectively, the (m,n)-strings has a local minimum energy at a finite radius, as shown in figure 1. The energy density has a local minimum at finite radius R which is the radius of the circular (m,n)-strings.
To make more analyses about the solution we first rewrite (2.8) as
The radius of the ring solution shall be determined by the solution 10) which may be solved by the equation
In figure 2 we plot the function W − 3 in dot line and the function 2 (Π/n) 2 W Substituting the relation into (2.11) we then find that
The value of (Π/n) c determines the maximum number of F-strings which could be bound with the D-strings to form a stable ring. Physically, once this ratio was larger then the critical value the magnetic force from the Melvin background could not support the binding energy of F-strings with D-strings and thus the ring will collapse to zero radius. This is the main result of this paper. We will in next section see that such phenomena also shows in the tubular configuration.
To conclude this section we will show that the uniform magnetic field could not give a magnetic force to support the ring configuration. The line element of ten-dimensional spacetimes with uniform magnetic field is described by [9] 14) in which f is the strength of the magnetic field and the dilaton is constant. The the BI Lagrangian (2.2) becomes
which does not depend on the strength of the magnetic field f and thus the ring solution, if it exists, will behave as that in the flat space. It is easy to see that the momentum conjugate to E is 
which is an increasing function of R and thus the ring will collapse to zero radius.
A Tubular Solution
The tubular solution we searching are the n static cylindrical D2-brane of radius R binding with m circular F-strings. The BI 2-form field strength we considered is described in (2.5).
Thus the circular F-strings are fusing inside the D2 worldsheet by converting itself into homogenous electric flux. As the direct along the electric is a circle with radius R the open string now stretch around the circle and the two ends join to each other.
It shall be mentioned that the supertubes considered in [10] have the BI 2-form field strength F = E dt∧dz+B dz∧dϕ. Thus the F-strings are along the z axial, which is different from our system. Note that the EM-fields in [10] will generate an angular momentum to stabilize the tubular D2 brane and prevent its collapsing to zero radius. Thus our tubular solutions are different from those in [10] .
Through the same analyses as those in section 2 the Lagrangian now becomes 1) and the momentum conjugate to E takes the form
The corresponding Hamiltonian density per unit length is 3) and the radius of the tube is determined by the solution 4) which may be solved by the equation
The above functions W − 2 and (Π/n) 2 W 2 behave qualitatively like those in figure 2 , and thus through the same analysis the critical value of (Π/n) could be found. It is
The value of (Π/n) c determines the maximum number of m F-string to be bound with n single D2 brane to form a stable tube. Physically, once the ratio was larger then the critical value the magnetic force from the Melvin background could not support the binding energy of F-strings with D2 brane and thus the tube will collapse to zero radius.
Through the same method we can easily see that the tube in the uniform magnetic field background with line element (2.14) will have the energy density form described by (2.17), up to an irrelevant constant. Thus the uniform magnetic field could not give a magnetic force to support the tube configuration.
We make two comments to conclude this section.
1. Form (3.3) we see that a tubular bound state formed from N×m circular, fundamental strings and N×n D2-brane will have the same energy as N tubular bound states in which each one is formed from m circular, fundamental strings and n D2-brane. Thus these configurations could be transfered to each other without costing any energy. This property is different from the well known supertube solutions [10] [11] [12] which, however, depending on the magnitude of magnetic field, a tube could split into multiple tubes to stabilize the system, as was shown in our previous paper [13] .
2. As the supertube of [10] [11] [12] is supported by the angular momentum and angular momentum therein is proportional to the number of F-string the tube radius will be proportional to the number of F-string. This property is totally different from our tube solutions. 
Discussions
We have used the Born-Infeld action to find the circular (m,n)-strings, which are the circular bound states of m fundamental strings and n D-strings, and the tubular bound states of m circular, fundamental strings and n D2-brane. We see that these configurations could be prevented from collapsing by the magnetic force in the Melvin background. However, if the ratio m/n is larger then the critical value the ring (or tube) will become unstable and collapse to zero radius. We have made analyses to find the critical value and ring (or tube) radius therein. We have seen that these solutions are prevented from collapsing by the magnetic force in the Melvin background, in contrast to the rotating circular strings [5, 6] or the well known configuration of supertube [10, 11] which are supported by the angular momentum.
Note that, figure 1 tell us the (locally) stable solutions (rings or tubes) we found could tunnel to zero radius. This and because that the supersymmetry will be broken by the presence of the magnetic field, and that the relation between mass and charges of BPS state shall not be modified by perturbative or non-perturbative effect, the solutions (rings or tubes) we found are not the stable BPS configurations.
Finally, we want to mention that a single brane in Melvin background is able to form a ring configuration, as was studied by us in [14] . The systems considered in there do not contain an explicity BI electric field and thus seems to be different from the solutions found in this paper. However, the ring solutions in [14] are constructed from the membrane matrix approach (in discrete light-cone quantization (DLCQ)) or nonabelin Born-Infeld action which has the noncommutative coordinates. The intrigue relations between these solutions may be traced to the fact that by turning on the electric field along the D-string then we have the noncommutative open string (NCOS) theories living on a D-string [4] . Also, upon compactification along the direction of the electric field the NCOS theories are T-dual to the DLCQ of Type II theories, as was shown in [4] . The details remain to be investigated.
